Clinical trials represent the best source of evidence on which to base treatment decisions. For such evidence to be utilized meaningfully, however, it is essential that results are interpreted correctly. This requires a good understanding of strengths and weaknesses of the adopted design, the clinical relevance of the outcome measures, and the many factors that could affect such outcomes. As a general rule, uncontrolled studies tend to provide misleading evidence as a result of the impact of confounders such as regression to the mean, patient-related bias, and observer bias. On the other hand, although randomized controlled trials (RCTs) are qualitatively superior, aspects of their execution may still decrease their validity. Bias and decreased validity in RCTs may occur by chance alone (for example, treatment groups may not necessarily be balanced for important variables despite randomization) or because of specific features of the trial design. In the case of industry-driven studies, bias often influences the outcome in favor of the sponsor's product. Factors that need to be carefully scrutinized include (1) the purpose for which the trial is conducted; (2) potential bias due to unblinding or lack of blinding; (3) the appropriateness of the control group; (4) the power of the study in detecting clinically relevant differences; (5) the extent to which eligibility criteria could affect outcomes and be representative of routine clinical practice; (6) whether the treatments being compared are used optimally in terms of dosing, duration of treatment, and other variables; (7) the appropriateness of the statistical comparisons; (8) the clinical relevance of the outcome measures and whether all key outcome information is reported (for example, responder rates in completers); and (9) potential bias in the way results are presented and discussed. This article discusses each of these aspects and illustrates the discussion with examples taken from published antiepileptic drug trials.
Following the gradual introduction of second-generation antiepileptic drugs (AEDs) over the last 25 years, the pharmacological armamentarium against epilepsy now includes more than 30 different medications. 1 This is a welcome development, because it provides unprecedented opportunities to tailor treatment choices to the characteristics and needs of the individual. On the other hand, the availability of so many medications, most of which have overlapping indications, challenges the skills of the busy physician, who must be able to select the most appropriate treatment based on sound evidence about the comparative value of each therapeutic option.
Whereas all relevant information, including results from observational studies, case reports, and personal clinical experience, should be taken into consideration when selecting an AED, there is no doubt that the best source of evidence is the randomized controlled trial (RCT). For such evidence to be optimally utilized, however, it is essential to interpret trial results correctly with regard to their validity and applicability. This requires a good understanding of the strengths and weaknesses of the adopted methodology, including the many potential bias that could affect the findings and, not uncommonly, invalidate the study's conclusions as reported in the final publication. The purpose of the present article is to highlight key issues that need to be considered when interpreting the results of AED trials.
Assessing The risk Of Bias and Applicability Of Study Results
Clinicians seeking to apply the results of studies about therapeutic interventions in clinical practice need to assess three key aspects: (1) how serious is the risk of bias (i.e., are there systematic flaws that favor one group over the other)? (2) What are the results (i.e., can we make sense of them)? and (3) Can we apply the results to patient care? 2 Table 1 presents a simple checklist to assess these three generic aspects of study validity and usability that can be applied to clinical studies about AEDs.
Following these generic measures of validity and applicability of clinical trial results, we touch on methodological aspects that are often problematic in trials of AEDs and use examples from the literature to illustrate these problems.
Uncontrolled Studies
Uncontrolled trials represent the overwhelming majority of AED studies. For example, a recent systematic review showed that, of all studies evaluating AEDs as initial treatment in patients with juvenile myoclonic epilepsy, only one had a randomized design. 3 Likewise, of 32 studies of levetiracetam monotherapy in children identified by a 2015 systematic review, only 4 were randomized, 18 were uncontrolled, and 10 were case reports. 4 Although most clinicians recognize that uncontrolled studies are not optimal for evaluating the effect of a therapeutic intervention, not all appreciate the extent to which uncontrolled studies can lead to misleading conclusions. Evidence from many fields of medicine indicates that uncontrolled studies can grossly overestimate treatment benefits as compared with RCTs. For example, in an early review of trials performed in patients with acute myocardial infarction, favorable treatment effects were found in 56% of nonrandomized studies but in only 30% of blinded RCTs. 5 A common misperception when interpreting results of uncontrolled studies of AEDs is that any improvement in seizure frequency recorded after introducing a therapeutic intervention (e.g., the addition of a new AED) is largely related to the effect of the treatment. In reality, many other factors could explain such improvement, and in many situations the therapeutic effect of the drug (if any) is quantitatively the least important among them. This is illustrated by a systematic review of all clinical studies using lamotrigine in patients with Lennox-Gastaut syndrome up to 1997, when the only placebo-controlled RCT of lamotrigine for Lennox-Gastaut was published (Table 2 ). In uncontrolled studies, [6] [7] [8] [9] [10] [11] [12] 70% of patients were considered to be "responders," defined as having at least a 50% reduction in seizure frequency compared with baseline. In the RCT, however, the proportion of responders in the group randomized to lamotrigine was only 33%, compared with 16% in the group randomized to placebo. 13 Thus, the actual gain in responder rate associated with active treatment versus placebo was actually 17% (33% minus 16%). Although statistically significant, this was far less impressive than the apparent "response" reported in uncontrolled studies.
Uncontrolled studies provide misleading estimates not only for efficacy but also for adverse effects. In a recent meta-analysis of RCTs in focal epilepsy, 60.3% of patients allocated to placebo groups reported treatment-emergent adverse events, and in 3.9% of placebo-treated patients those adverse events were so severe as to cause withdrawal from the trial. 14 Where does the "placebo response" in epilepsy come from?
In addition to drug effects, many factors contribute to improvement in seizure frequency after a treatment is started or changed. These include emotional and psychological influences on seizure susceptibility, patient-related bias (natural tendency to please caregivers), and observers' bias, that is, the unconscious tendency to find what one expects or hopes for. 15 For patients with chronic uncontrolled epilepsy, probably the most important determinant of improvement in seizure frequency is regression to the mean. [16] [17] [18] Seizures are unpredictable events with considerable fluctuations over time. Patients going through a period of seizure frequency
Key Points
Uncontrolled trials typically provide misleading estimates of efficacy because of the influence of regression to the mean and other confounders Randomized controlled trials (RCTs) are the best source of evidence on which to base treatment decisions but must be interpreted critically The validity of RCTs can be decreased by weaknesses and bias in the study design, which often favor the sponsor's product higher than average are more likely to seek medical attention and to be asked (or to meet eligibility criteria) to be included in a drug trial as compared with patients who, at the same time, are experiencing relatively good seizure control. This implies that, irrespective of treatment efficacy, seizure frequency after enrollment in a trial is expected to show a spontaneous amelioration, reflecting a natural tendency to regress toward the frequency that is average for that patient. This also explains why response to active treatment is generally greater in uncontrolled studies than in RCTs (Table 2) . Unlike uncontrolled studies, for which baseline seizure frequency is usually assessed retrospectively, RCTs typically involve a prospective run-in period during which the baseline (pretreatment) seizure frequency is established. Consequently, in RCTs regression to the mean generally starts during the prospective baseline, and its impact during the subsequent treatment phase is attenuated (in some trials, this phenomenon may be partly The acronym PICO stands for P = patients, I = interventions, C = comparison, O = outcomes. This basic information will help us determine whether the patients in the trial are similar to our patients, whether the interventions under comparison are of interest and feasible in our setting, whether the comparator used is adequate, and whether the outcome chosen for the analyses is clinically relevant (2) Is the study valid and can we believe the results?
(a) What are the baseline characteristics of the patients? Of particular importance is to assess whether patients in the treatment and control groups were similar at the outset with regard to important prognostic factors that could influence the results in favor of one group. Randomization does not guarantee balance (b) Was concealed randomization used?
This applies only to randomized studies. The one important goal of randomization is to ensure that the treatment and control groups are balanced with respect to factors that may influence outcome. Concealed randomization refers to the fact that neither researchers nor patients can guess the sequence of randomization, i.e., they cannot guess which treatment the next patient will receive (c) Was blinding of study participants appropriate?
The purpose of blinding is to avoid bias in outcome assessment. Patients are blinded to avoid being influenced by knowledge of what treatment they have been allocated to. Clinicians in the trial are blinded to ensure that patients in various groups are treated and assessed similarly. Data collectors and analysts are blinded to avoid bias in their respective roles in the trial (d) Was follow-up complete and sufficiently long?
Patients who do not finish and those who do finish the trial often have different outcomes. The statistical maneuvers used to deal with patients who do not finish the trial are extremely important in epilepsy. For example, the "last observation carried forward" analysis has important potential for biases. Readers of trials need to be able to judge both the proportion of patients not completing the trial and the assumptions made in the analyses of these incomplete data. Outcomes should be reported separately for all patients and for completers. Also, the shorter the trial, the harder it is to extrapolate to long-term or infrequently occurring outcomes (e) Was there an intention-to-treat analysis?
This refers to counting and analyzing patients within the group they were randomized to, regardless of whether they received or completed the assigned treatment. The reason is that patients who "cross-over" or do not adhere to the assigned treatment arm may do so for a reason, including having prognostic factors that influence the outcome (3) What are the results and can they be applied to our patients? (a) Is the main result stated clearly and meaningfully? There should be a clear measure of the main outcome of the trial (e.g., absolute or relative risk reduction, hazard ratio), accompanied by an estimate of precision, such as 95% confidence intervals, not just a p value. This should allow readers to judge whether the magnitude of the effect is clinically important, not just statistically significant, and to understand the uncertainty around the estimates. We should be able to assess net benefits (such as number needed to treat) and have an idea of impact on costs and quality of life (b) Are the most important clinical outcomes addressed?
If the study fails to address the outcomes that are of importance clinically, the results may be irrelevant regardless of their statistical significance. The magnitude of the placebo response varies depending on many factors, including the year in which the trial was conducted (more recent studies are associated with larger placebo responses), characteristics of the enrolled population (lower placebo responder rates are associated with prior exposure to a high number of AEDs or prior epilepsy surgery, a high baseline seizure frequency, and adult age and older age at diagnosis), type of trial design and statistical analysis, and geographical area in which the trial was conducted. 14, [19] [20] [21] [22] [23] [24] [25] [26] [27] The mechanisms by which some of these factors affect seizure outcomes are not fully understood.
Could historical clinical data be used to validate the results of uncontrolled studies?
If the magnitude of the placebo response were similar and consistent over time, across trials and interventions, and in all geographic settings, one could argue that there is no need to include a control group in any drug trial, because the outcome observed in the AED group could be compared with the outcome reported for historical controls. Unfortunately, even after controlling for some of the variables discussed in the previous section, responder rates in untreated (or placebo-treated) groups vary markedly and unpredictably from one trial to another. For example, a systematic review of all RCTs conducted in adults with focal epilepsy between 1960 and 2009 found that the proportion of responders among groups assigned to placebo ranged from as small as <5% to close to 40%. 22 Without an adequate internal control group, it is virtually impossible to determine whether any change in seizure frequency observed after introducing an AED is due to the pharmacological effect of the drug or to the influence of confounders, such as regression to the mean or imbalance of prognostic factors. This concept is illustrated nicely by a comparison of two adjunctive-therapy double-blind RCTs of lamotrigine and topiramate in patients with primarily generalized tonic-clonic seizures (Fig. 1 ). The two trials had a similar design and were coordinated by the same investigator. 28, 29 Although both lamotrigine and topiramate were significantly superior to placebo in reducing generalized tonic-clonic seizure frequency, the responder rate in the placebo groups differed widely. Specifically, the responder rate on placebo (39%) in the lamotrigine trial was almost twice as high as the responder rate on placebo (20%) in the other trial. When calculated over the maintenance period, the responder rate on placebo in the lamotrigine trial was as high as 49%, compared with an even higher responder rate (72%) for lamotrigine. Without an internal placebo control, Responder rates (proportions of patients with at least 50% reduction in primary generalized tonic-clonic seizure frequency compared with baseline) in two placebo-controlled, adjunctive-therapy RCTs of topiramate and lamotrigine in patients with primarily generalized tonic-clonic seizures. 28, 29 Despite use of a very similar design in both trials, there was a prominent difference in responder rates in the groups assigned to placebo treatment. Epilepsia Open ILAE Epilepsia Open, 1(1):1-13, 2016 doi: 10.1002/epi4.3 one might have concluded that lamotrigine was slightly more efficacious than topiramate-in fact, the actual gain in responder rate over placebo for lamotrigine was considerably less than that reported for topiramate. These data demonstrate that without appropriate internal controls, it may be impossible to draw valid conclusions about the real efficacy of therapeutic interventions.
The choice of an appropriate control group is a most critical consideration when designing a clinical trial. Although placebo provides a highly informative comparator in studies designed to establish the efficacy and tolerability of an investigational compound, the use of placebo in epilepsy trials may raise serious ethical concerns. 26 Specifically, because of the risks associated with uncontrolled seizures, as a general rule the use of placebo as sole treatment (monotherapy) is ethically unacceptable in patients with active seizure disorders. Concerns have also been raised about the risks associated with prolonged placebo treatment in adjunctive-therapy trials. To address these concerns, innovative trial designs that minimize duration of placebo exposure have recently been proposed. 26 Are uncontrolled studies of any value in specific situations?
A number of considerations are often put forward to justify uncontrolled studies. A commonly used argument is that, compared with RCTs, they reproduce more closely routine clinical conditions and therefore provide information that is more directly applicable to the everyday practice. This argument is wrong on at least two counts. First, it is feasible to design pragmatic RCTs that mimic clinical practice equally well. Second, no objective can justify a study whose results cannot be meaningfully interpreted. 15 Another common proposition is that uncontrolled studies are the only feasible option to investigate therapeutic interventions in rare syndromes for which it would be impossible to enroll a population large enough to conduct an RCT. This argument is incorrect because methodologically sound RCTs of specific types can be conducted in small patient groups, 30 and even in individual patients, 31, 32 provided that certain conditions are satisfied.
Because results of uncontrolled studies can be seriously misleading, they represent a much weaker class of evidence. As provocatively stated by David Sackett, the father of evidence-based medicine, "If you find that a study was not randomized, we'd suggest that you stop reading it and go on to the next article." 33 However, this does not mean that uncontrolled trials serve no purpose at all. In some cases, only uncontrolled studies may be available, and clinicians must judiciously use this weaker level of evidence to inform their decisions. In fact, uncontrolled studies provide useful information in many situations. They can be valuable to identify risk factors and prognostic indicators when RCTs are unfeasible or unethical. In addition, if carefully designed and executed, uncontrolled observational studies can yield estimates of treatment effects that are similar to those derived from RCTs. 34 Long-term observational studies are also valuable to assess the course of illness and to identify rare or delayed adverse effects. Uncontrolled studies can also be of value in the early phases of development of potential AEDs to evaluate pharmacokinetics and drug interactions and to obtain preliminary estimates of tolerability and potential efficacy in specific seizure types and syndromes. The primary purpose of the latter studies, however, is to identify signals and to generate hypotheses that need to be confirmed in appropriately designed RCTs. For example, the early positive findings of uncontrolled studies with lamotrigine in Lennox-Gastaut syndrome (Table 2) provided valuable information that led to a well-designed placebo-controlled RCT that confirmed the efficacy of the drug. 6 Importantly, preliminary positive signals generated by uncontrolled studies are not always confirmed when tested in RCTs. For example, cinromide also yielded promising early results in patients with Lennox-Gastaut syndrome, but it was no different from placebo when tested in a large, well-designed RCT. 35 
Uncontrolled studies as a tool for drug promotion
Confounding and imbalance in prognostic variables (Table 1) account for a large proportion of the improvement in seizure frequency typically observed in uncontrolled studies in chronic refractory epilepsy (Table 2) . A common statement among biostatisticians is that the best way to improve the outcome of a therapeutic trial is to leave out controls.
These considerations explain why uncontrolled trials have been widely used as a tool for drug promotion, particularly for the implementation of seeding trials. The latter are defined as postmarketing studies of little or no scientific value that are intended to fulfill one or more of the following objectives: (1) generate inflated "efficacy" estimates of the therapeutic value of a specific product; (2) familiarize clinicians with its use; (3) increase long-term prescriptions through short-term enrollment of patients in the "study"; and (4) provide misleading efficacy "evidence" to support use of the product for nonapproved indications. The improper utilization of clinical trials as marketing tools is extensively discussed in a landmark open-access article by Kessler et al., 36 which every clinician should read.
Randomized Controlled Trials
RCTs are widely recognized as the best tool to assess the comparative effectiveness of therapeutic interventions. However, these trials may vary substantially in their methodological quality and their applicability to clinical practice, according to current standards (Table 1) . For example, in a recent systematic review 3 of 34 RCTs comparing the effectiveness of AEDs in adults with newly diagnosed focal epilepsy, only 4 were rated as Class 1 (the highest quality rating), 1 was rated as Class 2 (intermediate quality), and 29 were rated as Class 3 (the lowest rating). Of 19 RCTs in children with focal seizures, only 1 was rated as Class 1, and 18 were rated as Class 3. All 19 RCTs in adults with primarily generalized tonic-clonic seizures were rated as Class 3. Common methodological flaws included inadequate power, suboptimal trial duration, and choice of an inadequate comparator.
Although randomization is essential to reduce the risk of bias, randomization alone, even if appropriately done, is not the only factor required to avoid the risk of bias (Table 1) . 15, 37, 38 Bias in RCTs may occur by chance (for example, despite randomization, treatment groups may not necessarily be balanced for important variables) or because specific features of the trial design, in the case of industrydriven studies, influence the outcome in favor of the sponsor's product. Factors that need to be considered include (1) the purpose for which the trial is conducted; (2) whether key aspects related to trial design, execution, and analysis are methodologically sound and adequate to achieve the stated objective; and (3) whether the results are described and interpreted correctly (Table 1) . Relevant aspects of this process are discussed in the sections below.
What was the purpose for conducting the trial?
Because RCTs are a prerequisite to obtain evidence for marketing approval, it is no surprise that most RCTs of AEDs have been conducted for regulatory purposes. According to current regulations, marketing approval requires demonstration that a product is efficacious and safe. With respect to efficacy, it is sufficient to show that the product is "better than nothing," that is, that it is superior to placebo or to a suboptimally used active treatment in reducing seizure frequency. 26 Therefore, the question asked in these trials is of modest relevance to practicing clinicians whose primary interest is how a new drug compares with previously established treatment options in terms of efficacy and tolerability, not whether a new drug is better than nothing. Unfortunately, regulatory trials generally do not provide this information (Table 3 ). The only exceptions are a few trials designed to obtain a monotherapy indication in Europe. These trials required a comparison with an optimally used active comparator, although they have also been criticized because of concerns with assay sensitivity. 26, 39, 40 Specifically, all the latter trials used a noninferiority design, and the finding of noninferiority (or equivalence) cannot exclude the possibility that both treatments might have been equally ineffective in the specific population and under the conditions in which the studies were done. 39, 41 Other limitations of regulatory trials are the inclusion of highly selected populations, a short duration of assessment in a disease that is chronic and fluctuating, and the use of predetermined, nonflexible dosing schemes. This limits considerably the applicability of study results to routine clinical practice. 42 In contrast with regulatory trials, nonregulatory RCTs are usually conducted to assess the comparative effectiveness of different treatment options, and, in this respect, their results may be of greater relevance for clinicians. Many large-scale double-blind RCTs funded by nonprofit organizations fall within this category [43] [44] [45] [46] and provide highly valuable evidence that can be applied to treatment decisions. The fact that a study was supported by a nonprofit organization, however, does not necessarily imply that it is unbiased or that it does not have weaknesses in terms of generalizability or external validity. Clinicians should also be aware that some postmarketing nonregulatory RCTs have been conducted with the nondisclosed objective of generating supportive material for drug promotion. 15, 36, 38, 47 Not surprisingly, the design of such studies often tends to favor the sponsor's product, and clinicians are advised to apply the principles listed in Table 1 and discussed in these sections to assess the validity and applicability of all AED trials.
The sections below provide examples of how even apparently minor aspects of study design or implementation can influence outcomes to a clinically important extent. Could selection of the study population have biased the results? Close scrutiny of the study populations is essential for a correct interpretation of the results of a clinical trial. One important consideration is whether there are any imbalances between treatment arms for variables that could have influenced the outcomes. As noted in Table 1 , randomization is the best defense against such imbalance, but imbalances can still occur by chance.
A second consideration is whether selection bias, which can occur even if treatment arms are balanced, limits the applicability of the results. In particular, regulatory trials typically have a long list of exclusion criteria that are intended to select a homogeneous population and thereby minimize the probability of confounders obscuring treatment effects. However, this can result in trials whose population is not representative of that encountered in everyday practice. 15 This could limit the applicability of the trial results in several ways, and clinicians are well advised to carefully assess the characteristics of the patients included and the list of exclusion criteria. For example, if one of the two treatments being compared has a high propensity to produce adverse psychiatric effects in patients with a history of behavioral disturbances, exclusion of patients with a positive psychiatric history could prevent identification of an important difference in tolerability. In fact, patients at special risk such as those with comorbidities, those with a history of severe drug reactions, those who are elderly, and women of childbearing age are typically underrepresented or even excluded in RCTs.
At the other end of the spectrum, excessive heterogeneity can invalidate the primary outcome of a trial. A typical example is provided by the many RCTs in newly diagnosed epilepsy that enrolled a mixed population of patients with focal seizures and primarily generalized tonic-clonic seizures and that used as primary outcome the proportion of the pooled population of patients who remain on treatment. 3, 45 These trials tend to bias the results in favor of broad-spectrum AEDs compared with AEDs that are preferentially efficacious against focal seizures.
When the size of one of the subgroups is small, however, results can lead to the misleading conclusion that the assessed treatments have comparable efficacy against both seizure types when in fact the reverse is true. This was the case for a double-blind RCT comparing lamotrigine and gabapentin in a mixed population of patients with focal and generalized epilepsy that concluded that the two drugs were "similarly effective. . .in terms of seizure control and tolerability in patients with partial seizures with or without secondary generalization or primary generalised tonic-clonic seizures." 48 In fact, of the 309 patients included in the study, only 58 had primarily generalized seizures. Of those, none of the 27 patients randomized to lamotrigine met exit criteria (failed therapy), whereas 5 out of 31 in the gabapentin group exited, a clear signal that the two treatments might not have been "similarly effective" in this subpopulation. The trial was underpowered to detect potentially important differences in outcomes between patient subgroups.
Apparently minor aspects in inclusion criteria could substantially influence study results. For example, the landmark RCTs conducted by the US Veterans Administration (VA) collaborative networks to assess the comparative effectiveness of different AED monotherapies enrolled not only patients with previously untreated epilepsy but also patients who were previously "undertreated," that is, exposed to "subtherapeutic AED doses and blood levels." [43] [44] [45] However, it is now known that newly diagnosed patients often achieve seizure freedom at low AED doses 49 or at serum AED levels well below the reference range. 50 Inclusion of previously "undertreated" patients, therefore, may have weighted the patient population toward those who had failed to respond to a potentially effective dose of one or more of the treatments being compared. In the trial that compared carbamazepine with valproate, 26% of patients were receiving an AED at the time of enrollment, but the proportion of those who had been exposed to one of the study drugs was not reported. 44 In the RCT that compared lamotrigine, gabapentin, and carbamazepine in epilepsy with onset in old age, 36.9% of the enrolled population had not responded to low doses or serum levels of phenytoin, a drug with a mechanism of action very similar to carbamazepine, potentially biasing the results in favor of the other AEDs included in the comparison. 46 These examples illustrate the importance of carefully scrutinizing the population under study, and the interpretation of the results, to determine the risk of bias and whether the results are applicable in practice. Such scrutiny should include a careful review of the criteria used to determine eligibility of patients and to ensure that study participants do have epilepsy and their seizure types are classified correctly.
Comparison of outcomes becomes meaningless if the correct diagnosis of study participants is in doubt.
Was treatment in the reference (control) group chosen and used appropriately?
The most important information that clinicians require is how a new treatment compares with the gold standard used for the same indication. In some comparative monotherapy trials, however, the choice of the reference (control) treatment has been questionable. For example, in the only large double-blind RCT that evaluated the efficacy and tolerability of oxcarbazepine in children with newly diagnosed (mostly) focal epilepsy, 51 the AED selected for comparison was phenytoin, which is usually not a first choice in children because of side effects, including hirsutism and gum hyperplasia. Not surprisingly, oxcarbazepine showed superior tolerability in that trial, but a comparison with carbamazepine would have been more meaningful clinically.
Even if the most appropriate comparator was selected, it is essential to determine whether the treatments being compared were used optimally in terms of dose titration, dosing frequency, and individualization of dose. 37 Even minor differences in these parameters can affect clinical outcomes. 47 For example, in an early RCT that compared the effectiveness of carbamazepine and vigabatrin in newly diagnosed epilepsy, carbamazepine could be adjusted on the basis of clinical response up to the highest tolerated dose, whereas the dose of vigabatrin could not exceed a predetermined ceiling irrespective of seizure control and adverse effects. 52 Although carbamazepine was an appropriate comparator, adopting different criteria for optimizing the dose could have biased the study results, which favored vigabatrin with regard to tolerability and carbamazepine with regard to seizure freedom.
Even the type of formulation selected for AED trials can be important. 53 Most monotherapy trials of new AEDs have used as comparator an immediate-release formulation of carbamazepine given on a twice daily dosing schedule, 3, 45 which is clearly not an optimal regimen, particularly for patients who require relatively high doses. 54 The suboptimal use of carbamazepine in these trials is likely to have biased outcomes in favor of the sponsor's product. 15 A possible example is provided by the results of two double-blind RCTs that compared lamotrigine with carbamazepine in patients with older-onset epilepsy (Fig. 2) . 55, 56 Both trials used a very similar design and dosing schedules, but the formulation of carbamazepine differed. Whereas retention in the trial (primary outcome) in the lamotrigine arm was almost identical in the two trials, for carbamazepine the outcome was markedly better when the controlled-release formulation was used, mainly because of improved tolerability. Although other factors might have contributed to the differences in outcome, the findings are consistent with evidence that, when used on a twice daily schedule, controlled-release carbamazepine is better tolerated than the immediate-release dose form. 54 In some situations, no meaningful interpretation of data is possible without inclusion of a placebo control. This is the case for adjunctive-therapy AED trials, where the investigational treatment is generally not expected to show greater efficacy than an optimally chosen active comparator. 26 According to international guidelines, an equivalence or noninferiority design can be applied meaningfully only when evidence exists that, under the specified study conditions, effective treatments can be consistently differentiated from less effective or ineffective treatments, and sufficient data exist to allow an estimate across studies of the magnitude of difference in outcome between the reference treatment and placebo. 39 This is clearly not the case for adjunctive-therapy AED trials. For example, although most placebo-controlled studies have shown that add-on levetiracetam is superior to placebo in reducing seizure frequency in patients with focal epilepsy, 57 in some instances the drug could not be differentiated from placebo in this indication, despite use of a standard trial design. 58 This observation can undermine the conclusions of a recent large double-blind RCT in which improvements in seizure frequency in patients with focal epilepsy were not different with pregabalin or levetiracetam. 59 In the absence of a placebo control, the possibility exists that the two AEDs were equally ineffective, given the trial design.
Including a placebo arm is also essential when interventions are tested for indications for which no established efficacious treatments exist. Failure to recognize this concept could lead to faulty trial designs and consequent misinterpretation of the results. For example, no AED has ever been demonstrated to be effective in preventing late unprovoked seizures when used prophylactically after craniotomy. 60 Yet, there have been studies in which different AEDs were compared in this indication, and lack of differences in seizure outcome was interpreted as a demonstration that both treatments were equally efficacious. 61 In fact, both treatments might have been equally nonefficacious in those trials.
Was the duration of assessment adequate?
The duration of assessment has a critical impact on the ability of a trial to detect differences in efficacy and tolerability between AEDs. Short-term assessments cannot identify differences in the occurrence of chronic, late-onset adverse effects, and they can also lead to misleading estimates of effectiveness. For example, in the RCT comparing the effectiveness of gabapentin and lamotrigine monotherapy, 48 eligibility criteria allowed enrollment of patients who had as few as one seizure over the previous 12 months, and the duration of assessment was limited to only 30 weeks, Figure 2 . Retention in the trial (a combined measure of efficacy and tolerability) in two double-blind RCTs comparing the outcome of treatment with lamotrigine and carbamazepine (CBZ) monotherapy in patients aged 65 years and over with newly diagnosed epilepsy with onset in old age. 55, 56 Outcome with lamotrigine was similar in the two trials, whereas outcome on carbamazepine was better in the trial that used the controlled-release formulation. Both trials enrolled very similar populations and used identical dosing schemes. Duration of follow-up was longer for the trial that used controlled-release carbamazepine (40 vs. 24 weeks). Reproduced from Perucca 53 with permission. Epilepsia Open ILAE including the titration period and time allowed to adjust dose if needed. Although retention in the trial was similar for the two drugs, the duration of follow-up was insufficient to detect potential differences in effectiveness between treatments.
Many AED trials suffer from similar shortcomings in duration of assessment. In a recent multicenter RCT comparing levetiracetam with lamotrigine in patients with newly diagnosed focal or generalized epilepsy, defined by either two or more unprovoked seizures or one first seizure with high risk for recurrence, no difference in seizure outcomes between the two treatments was identified, but follow-up treatment was limited to only 26 weeks. 62 Interestingly, the primary endpoint in the latter trial was the proportion of seizure-free patients in the first 6 weeks, which was intended to show superiority of levetiracetam (uptitrated over 22 days) over lamotrigine (uptitrated over 71 days). Presumably, baseline seizure frequency in most patients included in the trial was too low for treatment effects to be differentiated, and possibly even detected, over a period as short as 6 weeks.
Insufficient duration of assessment may also affect the validity of trials reporting superiority of one treatment over another. In a double-blind RCT involving 660 patients with newly diagnosed focal seizures, 6-month seizure freedom rates (the primary endpoint) were significantly higher for patients randomized to lamotrigine than for those randomized to pregabalin. 63 As correctly pointed out by the authors, however, the efficacy of pregabalin in this trial might have been underestimated as a result of selection of a suboptimally low initial maintenance dose coupled with a duration of follow-up that was insufficient to assess seizure outcomes following optimization of dose.
The statistical power to detect an event is related to the duration of assessment. A useful statistical concept pertaining to duration of assessment is the "rule of 3." This refers to the fact that the probability of observing an event with 95% certainty requires an observation period three times longer than the usual interval between events. For example, to be 95% certain of observing a seizure in a patient who has one seizure every 6 months on average would require a minimum period of assessment of 18 months. This concept, used by the International League Against Epilepsy (ILAE) to establish the minimum period of observation required in individual patients to determine whether epilepsy is drugresistant, 64 is not formally used in the design or analysis of RCTs of AEDs.
Is the trial adequately powered?
The power of a study to detect small but clinically important differences is directly related to the sample size and inversely related to the variability of the outcome of interest. Although variability of outcomes among patients in an RCT cannot be controlled, sample size is under the direct control of the researcher. The smaller the sample size, the higher the chance of a false-negative trial. The majority of comparative monotherapy AED trials conducted to date failed to identify differences in efficacy or effectiveness between treatment arms. However, systematic reviews of these trials have demonstrated that very few enrolled a number of patients sufficient to exclude clinically important differences in outcome. 3, 45 For example, sample size for more than half of 19 double-blind RCTs in adults with focal epilepsy was not large enough to exclude that one treatment was >30% less effective or less efficacious than the reference treatment with which it was compared. 45 The proportion of adequately powered studies is even smaller if we consider those that were able to detect outcome differences between treatments that are smaller than 30% but still clinically important. For trials enrolling populations heterogeneous in terms of seizure type or epilepsy syndrome, statistical power is almost invariably insufficient to obtain meaningful comparison among these subgroups.
Open-label versus blinded trials: Does it matter?
Because most seizures are events with outward manifestations that can be observed, there is a common belief that counting them is not greatly affected by patients' or observers' biases. In fact, that assumption has not been adequately verified and experience from other areas of medicine has shown that lack of blinding can introduce major bias in efficacy estimates. 5 Additionally, it is important to remember that, for a treatment to be effective in practice, it has to be tolerated. Specifically, if patients discontinue treatment prematurely because of an adverse drug reaction, they will never be able to achieve sustained seizure freedom on that treatment.
Patients and doctors must be informed about the specific side effects of the treatments being administered, and such knowledge inevitably influences reporting of adverse experiences. For example, patients started on a drug known to cause life-threatening skin reactions will pay special attention to any cutaneous event, and their doctors may be more likely to discontinue that drug should a minor and potentially transient skin rash occur. If the same trial involves an unblinded comparison with another medication known to be generally devoid of serious skin reactions, the probability of the same event going unrecognized or not acted upon would obviously be greater. Ultimately, these biases significantly influence retention in the trial, sustained seizure freedom rates, and frequency and types of adverse events.
In a double-blind trial, patients and doctors do not know which treatment is being administered, and therefore "fears" about potential adverse effects will not bias outcomes for or against any of the treatments being compared. Current standards recommend that to avoid bias and to maintain balance between groups in clinical management, for assessment of outcomes and interpretation and analyses of data in an RCT five groups of individuals should ideally be blinded: the patients, the clinicians looking after the patients, the data collectors, the clinicians adjudicating outcomes (for example, to determine seizures or adverse events), and those in charge of data analysis (Table 1) .
Is the choice of the primary endpoint appropriate for the purpose of the trial?
The choice of the primary endpoint has a major influence on the outcome of a clinical trial. Ideally, the endpoint should be the one with the greatest clinical significance, but there are many instances in which appropriateness of the choice of primary endpoint can be questioned. For example, in a large multicenter trial designed to investigate the efficacy and safety of lamotrigine monotherapy in comparison with carbamazepine or valproic acid in adolescents and adults with newly diagnosed epilepsy, the primary efficacy endpoint was the percentage of patients seizure-free between treatment weeks 17 and 24.
65 Such a short and seemingly arbitrary period is of little relevance in a population for which the goal of therapy is long-term, sustained seizure freedom. Additionally, the short duration of the trial (24 weeks) was inadequate not only to assess meaningfully seizure outcome but also to allow optimization of dose.
In some situations, endpoints of modest clinical relevance can be justified, depending on the purpose of the trial. In particular, although there is universal agreement that sustained seizure freedom should be the primary objective of AED treatment, in adjunctive-therapy trials only few patients achieve this goal, and therefore demonstration of efficacy has to rely on the use of other endpoints such as percent reduction in seizure frequency or responder rate (proportion of patients with at least 50% reduction in seizure frequency compared with baseline). 26 Although use of the latter endpoints is acceptable for regulatory purposes, it is clear that being a responder according to these criteria does not necessarily imply having a clinically significant benefit. Indeed, many studies have shown that quality of life (QOL) in people with epilepsy is primarily conditional on achieving complete seizure freedom without intolerable adverse effects and is little affected by a simple reduction in the frequency of seizures. 66 This concept is well illustrated by the findings of an RCT of vigabatrin in patients with focal seizures. 67 As illustrated in Fig. 3 , an improvement in QOL could be demonstrated only for patients who became seizure free, and even a 75-99% reduction in seizure frequency had little or no impact on QOL.
Another example of an endpoint that is of limited relevance to everyday practice is time to exit according to predetermined exit criteria, as used in conversionto-monotherapy trials conducted to obtain approval of a monotherapy indication in the U.S.A. 39 In these trials, patients are randomized to be converted to monotherapy over a short period, and they are forced to exit the study when a predetermined number (or type) of seizures occur. The design of these trials has evolved over the years because of safety concerns, 68 but their justification remains questionable on ethical and scientific grounds and because of the difficulty in extrapolating results to the routine clinical setting.
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Is all important information reported? The case of LOCF versus completers analysis As a rule, changes in seizure frequency or responder rates in adjunctive therapy are calculated by applying the lastobservation-carried-forward (LOCF) analysis. 23 In this type of analysis, when patients withdraw prematurely from the trial as a result of adverse events or other reasons, efficacy estimates are calculated by using the seizure outcomes recorded up to the time of exit. For example, if in a 16-week trial a patient exits at 1 week because of intolerable adverse events and no seizures occurred over the preceding 7 days, that patient would be considered seizure-free for the entire duration of the trial, for the purpose of the final analysis. 69 This explains why, paradoxically, in some studies the responder rates in one or more treatment arms have been greater than the proportion of patients who were able to complete the trial (Fig. 4) . 70 Although there are some justifications for applying a LOCF analysis (mainly to obtain an estimate of efficacy not confounded by other variables such as failure to tolerate the treatment), every clinician will agree that a much more meaningful estimate of treatment effects is represented by the number of responders who were able to complete the trial.
Remarkably, such essential information is very seldom reported. For example, in a recent 15-week placebocontrolled adjunctive-therapy RCT of clobazam in LennoxGastaut syndrome, an impressive 24.5% of patients allocated to the highest dose were reported to have become completely free from drop attacks. 71 However, no information was given Relationship between percent seizure reduction (vs. baseline) during the last 12 weeks of a 28-week placebo-controlled adjunctivetherapy trial and mean change in health-related quality of life (QOLIE-89 score). 67 A significant improvement in quality of life was found only for patients who achieved complete freedom from seizures. Epilepsia Open ILAE on whether those patients were seizure-free for a short time before exiting owing to intolerability or they were seizurefree for the entire duration of the trial.
Patients who do not finish and those who do finish a trial often have different outcomes and clinical characteristics, that is, discontinuation does not necessarily occur at random. Furthermore, a recently published open-access systematic review found that up to 30% of positive trials published in high-impact journals would lose statistical significance if patients who were not followed until the completion of the trial had a range of plausible outcomes different from those assumed by researchers in the analyses (Table 1) . 72 Importantly, some authors use survival analysis as a method to remedy incomplete follow-up in studies of dichotomous outcomes (e.g., seizure free vs. not seizure free) because, with this methodology, patients are censored at their last visit, that is, they contribute information until their last visit. However, survival analysis is no remedy for a high proportion of patients not completing the study.
A systematic review of all adjunctive-therapy RCTs conducted in adults with focal epilepsy during the period 1967-2009 found that only 3 out of 63 trials (<5%) had reported the proportion of responders who were able to complete the trial. 22 Clearly, LOCF can lead to gross overestimates of the actual efficacy of an AED, and journal editors and reviewers should ensure that responder rates for completers also be reported in publications describing the results of clinical trials. Needless to say, clinicians need to carefully scrutinize these results and be aware that the methodology used for data analysis as well as the incomplete disclosure of trial data have important implications for the interpretation of the results.
Did the trial control for the confounding effect of drug interactions?
In adjunctive-therapy trials, drug-drug interactions can have a profound impact on the results. If an added drug causes a fall in the serum concentration of underlying AEDs, its efficacy could be underestimated because of the attenuated antiseizure effect of the comedications. Conversely, when an added drug increases the concentration of concomitant AEDs, it may be difficult to determine whether any improvement in seizure control is due to an independent antiseizure effect or to an increased effect of the comedications. An example of the interpretative difficulties related to the latter situation is provided by the trials conducted with stiripentol, a drug licensed in Europe for use "in conjunction with clobazam and valproate as adjunctive therapy of refractory generalized tonic-clonic seizures in patients with Dravet syndrome whose seizures are not adequately controlled with clobazam and valproate." 73 In the RCTs that led to regulatory approval, stiripentol was found to cause an approximately two-to 3-fold increase in serum concentration of clobazam and a 5-fold increase in serum concentration of the active clobazam metabolite, norclobazam. 73, 74 On the basis of these data, it is difficult to conclude whether stiripentol has efficacy on its own or its therapeutic effects, as well as some of its adverse effects, are related to the increased serum levels of clobazam and its metabolite.
Effects of pharmacodynamic interactions are more difficult to ascertain in clinical trials, but they can also confound the assessment of efficacy and tolerability. For example, a pooled analysis of placebo-controlled adjunctive-therapy RCTs provided evidence that lacosamide shows better antiseizure effects and better tolerability when it is combined with AEDs that act through mechanisms that do not involve blockade of voltage-dependent sodium channels. 75 
Conclusion
RCTs provide the most valid and relevant information on the efficacy and safety of existing treatment options. However, for a correct application of this information to clinical practice, it is essential that the results of these studies are interpreted critically. This requires good understanding of the strengths and weaknesses of the applied methodology and careful assessment of potential bias associated with trial design and implementation and with the analysis and reporting of the data. An overall evaluation of available evidence reveals that the quality of most AED trials conducted to date is less than optimal and that with careful scrutiny of the data the conclusions reached by the authors at times are not fully supported. Hopefully, an improved awareness of these issues will assist clinicians not only to apply a critical approach to the interpretation of AED trials but also to become more actively engaged in developing high-quality outcomes research in epilepsy. Responder rates (proportion of patients with >50% decrease in seizure frequency compared with baseline) and rates of premature discontinuation from the trial in a placebo-controlled adjunctivetherapy trial of oxcarbazepine (OXC) in a total of 694 patients with focal seizures. 70 For oxcarbazepine-treated groups, most premature discontinuations were due to adverse events. Because of the application of last-observation-carried-forward analysis, the proportion of responders at the 2,400-mg dose was lower than the proportion of patients who discontinued prematurely owing to adverse events. Epilepsia Open ILAE
